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major obstacle to the successful application of cone therapy similes 
that rely on wr vivo virus-mediated transduction or tumor cells is the 
poor distribution of recombinant viral vectors throughout the- tumor 
mass. Advances 'in gene therapy will depend on the: development of 
vecwr delivery systems capable of the efficient introduction of j^hm 
into target cells. 

Adenoviral vectors have been evaluated extensively for use in &cne 
therapy because of their ability lo be produced at high liters and to 
transfer foreign snic 1 : into a wide variety of r.ondividing and tttvuliiit* 
culls (10-14), However, I he use of these reeombLn;mt viruses is 
limited by poor transduction efficiency and a limited distribution of 
trans gene delivery. This hits been particularly problematic for the 
treatment of solid tumors in general and of brain tumor* in particukir 
(15-17). T> address Ibis problem ami to cuhar.ee current gene therapy 
approaches for the treatment of GBM, we evaluated protease pvelreut- 
mcnt Hs a mean. 1 : of enhancing viral vector-mailed gunc transfer 
(1&). In that study, wc found that protease pre treatment of GBM- 
derived xenografts resulted in increased levels of viral hans*i;ene 
expression as a residt of enhanced recombinant viiua infection. To 
extend these obscrvalions, we have evaluated (he usefulness of this 
strategy lo improve the effieacy of a suicide ^enc therapy ftiraicgy 
dependent on the extent of gene transfer by Ad-TTSV ili for the 
treatment of animals bearing GUM- derived xenografts fJ L \ 20). To 
vh:iraclcrizc further the dicrapeulie potent \\\\ of this siralcyy, the 
eficcls of (he prolans prulroalmcnl on tumor invasion and metastatic 
tumor spread were also evaluated. 



Abstract 

fcffociiv* vlm^-iiicdbtt-il pt-nr Ihi-rapy for muicrr wJIl tic I'ucilittlcrt by 
in'uecriUKS enhance ihn Iwiv level uf ftCrrtc Uwtev mediated by 

jtp|i™ii»n-de lit' i.'4t, rceimitifi^Mt vita! vctlws. We found recently ilutt 
proiraw iMVti'Citiiuof «f solfd Uniting Is a use Hi I strutefty tor enhancing 
vin^tnedUued r.v'iu- t reduction to v/e^ In this Shirty, examined iM 
pnUnlk-l of proirave rircOV.lCment to hnprovir the efficacy of * f^tiit 
flitri^py slridrEV ^' proelru;- stcf^atiun that ik'iniJkds ou infection with a 
leewmhm.inl nrfiMiuvirus vncoiliiLfl lulpi-5 simplex virus thymidine Liii:ite 
<Ad-USV-tK) T tVyjKlci «i h ilissnlv'iid mhture t>f collagen* ^MIsg»«sc >vus 
inoniLHiil inl4i xmost^fti ilcnvtd fr^ni the huttJtt glM»blJhto«iA matt»- 
|,triD^ilt rivcil all Ihn-v, US7 or UJ5I. Ad-MSV-lk w.w a.lmliiislcrwl 2^ h 
iiflvir prolCHSc ju t*r^ji:i)cn(, nOvl ftniniali wCn" dtcn irt'aLcd for JO *U)*| 
with i^fldcloWr ((.C V). Wc fmmil tint pri>lca'»c |irclrr;un>cnt increase il 
Tlic rffitrtfy «r iijl, anvltus nicdiutcd IISV-iWW grrtc therapy in th^c 
oupi-rimovji it *i:in»»r nnulfLs. MieC r«cKiflU Ad-llSV-tW(iCV nfici- pro- 
icu'jc |H'ttti:;itjnc;h1 dcuionstratfd a ^i^iiilit.irtlly E^ fl ' cr rcftrc*?lo*» of 
uiiikio k-oiniiiuct! «liti ihrt.se treated \\Uh Acl-1ISV-«e/CCV ftl»>nc.jN.^ 
^i1vcj.w riiVtiM of pw(e»-t i 31 ^^ 1 ^^* V"*l!ii!? fV . f< ^ ^"-iS"? !J f .. l . , "l. 

llur rii^dnV^ htrticiiu Uilr prtitv^tt pfclrL*at«wni *U*y be a useful fctJ t ;ilojO' 
ii> cnlutncc (Iiv fc(iic;u-y «f vtniY-hU'ili^t^il cinrirr therapy. 

TitficKluctimr 

On\r is highly inva^vc ™d icmstiun to cunvcmional r.tdiutherapy 
liuO cheinotL.t-rapy (I). Pespilc alk nipt'. ;U aggressive uiultiiuudaliiy 
t/oaluwni rt^iniens iriif^. surgery, rodiation, and ebcmolh^rupy, there 
has been little progrvVv in improving the- uuicome of pjlients with 
ftueh Ivimois in tlx* p;i^t decade Tlie cuiranl trealUK-nl of these brain 
Inmuis romanis hugely palliaiivc (1). New llierupei.it it: approaches, 
liiKh iw tpntt therapy, hold pruTiusc for the dvvcU^pmenl of improved 
tre^muittt shav^\es 

Thcmpeiine strjtey.i^ thai hsl- gene transfer ;*ro bejn- explored (br 
the ueatineiit ol br.nn Utnv>Ts (2. Scvonil ^ene therapy straie^ies 
jppcui pnMuiMnp. based uptni sIiuIkh hi vtvo tu animal models (4 -9). 
SueU sippioaches involve the cnmsfcr nfyenuii cacodinii nuiny differ- 
ent types of molecules mshldiag prodrus-aclivating eiuyniw. cyUv 
kiiiM, and tnn>wlh utlubilore. In viituatly all enscs, the etTieacy of such 
thcifxpies has been limited by levels oftrans^ene transduction. A 
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Mnteriiilf! aiul Methods 

Celt Cwlturt. "Ihc hmnan GUM cell lirtca UK 7 tmd U251 were obiaiued 
from Ameriean Type Cukuru ColJcetion. Cc!l« were yrown in OMI^M 
suppltmcntttl willi 10% fetal buviiiu seitim and printiJIinMrL'pUmiycin in 0 
humidified atmeiiphcre of 5% CO_ t < 

AdciLAViru.s PicpiUrttinii, Tlie rctrombii\oiit repliralion-delieienL adenovi- 
rus, Ad-/i^l (kindly provided by Dr. feny Nir.stn % University of Tcx:n. 
Austin. 'IX), confining the EwhttrittMa coii figa! %cna under conHol pf Uw 
Roos .sarcoma vir\)^ long terminal repeal promuLur, and Ad-HSV-Lk L-ncodine 
Ik IVum I1SV (provided by Dr. Arbans K S^r-nliu, lnslilulc for Human (lei)e 
Tlic-rypy. Philiidiitjjhia. PA) were piopa£ated in Vft t^l^ and purified by C$C\ 
density cenirilugution, Kccombinitrtr atlk;uovtru\ wai lilered by determination 
of (he TCIDso (tissue culture infectious dasu far 50% nt'ihc cc\h). Viral su»uks 
were iiored in 10% jslytcrol and kepi at -HOT umil mm. 

I'rttttnSC Treatment and Virus Infection Df limrmnomppnwd Mice 
Hcaiinf: CBM Xcnogrdfli. l-cifiitle RAl.U/c huiHO^OUS n»dc (m>/;/») iniee, 
6 weeks of aye, weit; m»iniatiied in a palho^en-tive etivirouftKni uirouyhoui 
l\ iv cxpiirimcnt. Aniiiiuls were inueuhled a c. wilh cell^ from the hunum 
GUM-dcrivcdcdllintHi.USTtT X 10* editor 1 (5 X 10 fl cells). At9days 
afrer iiiocuhuion oTllic cctU, animnla wilh xeun^iidtii that were 0.ti~0.7 cin m 
diiiiherer weiti irualcd with intratumoral injvctiivns or' 1'LiS, PUS contain ini; 
iiypMii {)00 ^r; Sifinia Chemical Co., St. Louis, MO), or VtiS containing n 
mixture of collajjenwit; aud diipj,*;c (10 ^ Hciehrinjjcr Maiinheiin, Inc.. 
JndiAiiiipolis, IN). LiuuU tt'caKiHUU con!,i:,teJ of K)() fil of Mdinc or proleiisu 
wdminn per lurtUV injecled tu> 23 ^/l inlo e;it;li of (he four Uimor ^Minlrant^. 
•fweiity-four h after protest sc treiiimcnt, Ad-HSV-it or Atl^ w;is inocu- 
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la-cft <liic(;tly uint die c*-0^~l nfllic limwr C I X 10* pfu W 50 ^ I f;(*>.:ilntc>. After 
HtUniniMi-U^n ut Ad I IS V,-tk ur Ad-^i^iU annuls leccJv^J uti i.p. injection of 
tit'V (SO mp/lirf), li piudwy thai rcquin.-* ;teh\!ilioii uy USV-TK, twine d-rily 
lor 1(J content ive day* 

Tuiiun :»iA wns, nn.\;sUiUl using cithputt every 1 iky*, and minor volume 
m'o, i{(.-(owii»jic(J Hun» ihtf simplified formula for *i mkiiwna] t'llifwoid: lon^li 
(iUmi) /* ihowiu-jivorilwwtitlitniniy 1 >■" fiV6[£ef 21). rhctjmursi7L'nf US7 
and I CM I lank NCflflfjatlfi delettniriid lor Sl> days nner tttl ujoculudon, 
.nul >u-iw£utih wi v re LkL'iscJ and weighed at Juy 50 VV^ examined d:iily im 
nlcTiUf;illy ImtKd uadiv nf inmti.iis lor survival until day 200 JiXl scored litem 
,<;. <|i;jtl wiifu iijntujv ioi*v.iA(*d u» -I) nmj m ,3fiy dimension. 

IWiKiim \iUm of HetumJ^iy Wfla\i:isi*» in Mice Jtorijij; COM Xc- 
iliiftiriirijf. Mi*ii>M<ri in niicc- bCiU'in^ GUM xcrtOpafls were eVidwiled In 
llwiir w;tyii UrStl; Uiiiniii:} ni" l>ii\pU nudes, ItuOi^CCiict; mbru:,tope CXiimi- 
h.iMiin (jl'mnjoi t>tpar»i in nmv bearing xcftuy.id.s of U25I cells MMKfucicd 
with o iccnrnhmuiH ONA iwnstrut'T encoding GFP; PCH analysis of tnnjor 
Utiles. It) cvyhijiic mcLisMho n* lymph nudi/N, all visihle lymph tlucfe > were 
deleted Juji;i ihc .iN lumen ol nine ttt'.inug US"J ^uK'iJwO-'v on thy 50 liner 
td| HycLihhun We cviilicilod mi'cu ftmn cadi ufdnve | T ,vnnps: muck Lj i-ftrod; 
ijcaicd wtlli Ad USV-lk'Cit V jUiiiC, and trypsin pi cl vestment ccuvihitH'J with 
Ad-I ISV -ck/t^i *V f.ymph nuJu ^piximem. weiu lUed in 10" u fomwhn, cm- 
fnidilml in puiiilVm, uxluwd :tr M*-/(r:i llncfa ni'ss. .Uid &Uuticd with IhttR. 

lo hiitliu e* tftce LKo po^Mlnfuy nf iucM>»as*> w' human tLimur cell* from 
ifk* xei[«£ijfl:> itVRUtfor or^in^ \L*uof;r3i\wi wcivi c:.UMished tti mice wi'Ji 1/25 f 
(,1'H:. ilu( h;id pii-vu^^ly Koii si^hly h;L:i.skx(cd w/nh tin oxpiL'i.viuii coilMiiilI 
ciicihIuii* til P tMtty day* uUcj chc :idiniinMKf(<Liii i>r Ad-IlbV-lk/GCV Uirrnpy 
w ifh ItypMii pjcdcnlnwjti. iujiim xciut^iiifU ,nid nuijoi org.nih ihirli;, liver T wid 
htiilt) vlil' di.v%ct1od, fm/cn iii Iiumiu- ft'k OCT tiompotitid (Siikura I iiitMck 
IJ.S A , 'Yitrr.mcc, t.'A), jiml sfiwvd untjJ u.'.u a» -.SIVY*. llihtoK^lciil .icciiivis c/' 
thtiic li lUieA, wcii; exiii'iiioej lor the cs.pu'\-.i«in nl' Gt'l* by fluoicseenL-e 
mil ;nvi copy, t^ti\;r uiioc hearing iIwm xcnoynft-i wciis wmficod oil d:iy 50 
ui'wv du: inonibtion uruusifr ll'IIs und fviiUmtcd far nucnniu'litfliKWhy VCR 
liiialyMs oFDNA from n..ijor or^m,*,. We potfornicd PCR auiilysts u^iug 
pi nuns lur < S I ■ J * in dtiermim.* wlitiiln:r CU-'P- twivKfcclcd liiLiior cells had me- 
ittfil^lM/til li> diw'iO liviij;::* I'C'K mnpliliiMrjon wus uxed 10 tdCOlify Crliier n 
-(81 -hp CiVl* haj;i»eni tji 5 57 1 -bp fr,iE*nu ul ffom ihc Q-actin yene two 
p:ini (tf jinnwih. llpjnei <iW» primer, 5'-AC'CC]GCj , TGACCACCC:TCiAC- 

< rAt*-.r w'.d Ivmvl ^n* pntiK-r. s'-GCfAt'CATa iOATCOCOcnc'ic'Gr- 

V; Mpp^r Hfti'hrt ptimcr, S'-ATiiGATCiAC'tiATA rCGCfO^' and lower 
fiaciin piiiiwr, ,V-AT<rA<JG LAG! CiOTCAGGT«3\ The piinver pair fyf 
Wtnvsc /i-.idui v.;iS Usoil «.% u coiilnjl for the TL'K ro.idiUit, Tl); enndil Soils kn' 
YCii a/ij]TJifto;;;iOti vvvYe J \> cycles af O^r Kn* I rnirt, 60 n C fur 1 min, 72 "C Tor 
I nun, followed l>y 7^ t: (.' 1W 11) tulii, Fwctio'i proJucts wv'.ti M-p,iKited by ^?el 
oleclrophrne'.ts ml u 1.5% ^1 ;unl M.itned with Cdudimn tiroinulo. 

KvAhmiioimf tY-v VATccl cTVroUbw AdtvhHslr.itioii on N^miiil Hal urkil 
[)u»um l!f:iin Ti^iK' AnhitctiMrp, Adult ftjuialc lecher 344 ruls WciU 
.iiiei.djt in-L-il uii]> j.p. mjoi^jun of 300 /ij of 0.aU% s;di(Kr c/>nL-djiin;| 60 
niy/k(iol kci:uvii!icai«J 7 ^ m^/ka i>f^>|u:anc. AL'terllie nusweie hnmubtliAd 
hi n ' t iCiV'ilii\ic flpp:nalits, a linear meKinn wtis nuul<J 0\xr Ihc brej.;iu:i, and ;1 
HniT hole was dl lilcd in lUu .sklM^ I nun anLerior uiul j mm lalcml Ln Lhts biv^turt 
^ilnu i illy. }Vn /.I ol «ili:us ttr li>'|Kin (101) HQ) W/rc inji,e(ed at the depdi oC 
.\ i nun helmv di,: diiiu* umii^ h 25-jud it'.midton tytirt^o vith 2Z-^aui;u iifutllc. 
I unii>'foni' h hu^r, Uil- uu> cih\y.ui\ycl\, mid Ih^? bftuns wor^ remwixl, 
li\i:il Hi 1(1% inuinhn, ud.I Mtmicd wiUi H&f; 

Wl* olitiiinetl ntHiiMf /n;ui:in brain, white nnd ^Kty nmtrw, tor (itsioIomVid 
cvalicttmn iniiKeduik-ly afler jimn-sy. Saline or 100 /jy at liypsin mixed wilh 
hhiCL utlv (U> ftl) vvci»i inj'Vtird diiettly mlo (hew* lisMies ur.in ; j s 25-jnl 
f turmlMli 5yri"t r e wifli a JJ.'^iu^c needle Aflci 4 U jJtinilliiUmi at 37 a C in ;i 
huimtlff'icii aimiwpliuio of 5% CO,, we fixed die i[ia;ilocnj. in 10% foiuiuliiu 
'ifii^K't! with It&h, (fiid i-x.u( imal ihcm hivNdr^iivlly for fmirphOlcgiCiil evi- 
dence ufth:nn>s in u^^^l^.' .irclutectiiK* 

St;ili\lival AiLdys-iii- All siuir.tmd ;m,dys^ wo.s pcrfunuud u^iit^ StiUvjew 
Mjtlwaic I Ab.tunh <*itnet-pl. Iir* , IkiUiky, ( A; Unp:i»vd f lOMt antdysis 

vviib ii^cd l«» f4irtip:uc Uinwii. tevciving tinlL'renl (rcLUiiKViM-s K;ip|an-Mcier 
uuvivul ci;ivi:A ivl-ii: LiiJud.jird DjJf^tvnci.'.N m survival lu'ltwcn crcfitriK'iri 
rjrnups, 1> ;,l0il nMiijj the lo^-i.ttdi fiM 



Effect ofl'roti'&tc rrctrcHlitkCut on XcnogJ-.ift GiowUi, Prior to 
the evaluation of protease as &n adjunct to ^ono therapy, wti sought lo 
determine whether prolcjse. pi-ctmalmciji itself a ffcc led the growth of 
GBM-dcrivcd tamor x^osrafLs. Wc inocnlaied animals bearing Ui- 
mor xcnoyia(\s wilh inimtumoral proteases prior Lo mock Irwihneni 
with Ad-^t?ai (Kig. 1)- Tumor xcnOBrafts in ani«i:»l5 trcnted with cidicr 
trypsin, colhi^ruiseydispus^, ox PBS showed similar growth kinetics, 
and all Knnots grew to Urn same fmal vokmu\ ^3500 mur\ wilh 
similar kinetics (Fig. O- These results domonsirdtu that hilraUmiOtfl 
protcusi inoculalion has no cffeel on ihc growth of U87 ODM-diSfWiid 
lunior xcuogruP^ 

KiTcct oETrotCASC Prttrcatmcnt on Ihc Kflicacy vf Ad-IIliV-tk/ 
CCV Ocnc I'bcnipy. To det^nniim whether Hits cj\Jionci*d yent; 
iwstcf thnt wc reported previous fy follownig proicus^ IreafmoiU 
would improve the efficacy of gene therapy (l£), we Irealed humim 
CjBM xenografts in mi(;c with Ad-ITSV-ik/GCV gene therapy. In 
preliminary expeiiments, we identified a dn*;e of vim* thai was 
Subtherapeutic nnd did not result in a compile inhibition of tumor 
fiiowth (data not sJhnwn). Nine tinys after tumor tell inoculation, 
tumor-bearing mice were treated with hHrnluuiorid injections of eilher 
PBS, trypsin, or coHagennscj'dispasc 1 day before a single iuiralu- 
moral injoeLiou of 50 ju.1 of saline conlainh^ 1 X J0° pfu Ad-MSV-tk 
(Fi^. 2). All anmviU received GCV (SO mfc/kg) i.p., twice daily for 10 
days, ilarting I day after the admhiislnition of ivcojnbinanl adenovj> 
rus. Wt found that trypsin or coltogciiasu/dispaft; prctrcAUncnt en- 
hanced ihc response of tumors lo irealmcnl (Fi£. 2y Over Ihu unliro 
50. day observation period, siniilai' effects wi^e found with the treat- 
mcnL of ^enografta from holh ihe U87 and U25( cell lines. To 
document further (Iris therapeutic enhancement, we sueriiiccd animals 
50 days afler Hie initiation of (he tumor xenografts and weighed the 
s.c. iumort>. There was a significant decrease in the weigh! of U87 and 
U?-M xenografts treated with cither trypsin <ir colhi^ciutse/dispasc 



a a 




Days after InotU Wion D^iya nflor Ihocuhidon 

Ftp* I, I'fica of piolca..cpri , iFu:iuiu:iit on KcnoLTnafrtmlu. IPemnle BAhU'vltoHiC/.y* 
goit-i "tulc mice, 6 weeks of nfio, were s.c. intituled with celts li(«n tl»o hiiniitti 
tIEiM-dytivca cell liriv, W (7 x 10* cells). On (l.iy !> n0i:r Ihc inftciilfcttuii of cells* 
atiitnnlt wrfli xaiogmfts mcaiiiriiiK (1,6-0.7 en) in (Ifiui^r wuc prctrciU''* wi'ti ( ciilic? 
miiaiiiirtoidl ihjwiions on 00 fil of PU5 (•>, 1 v tW ctmuuniuf 1ryp:.in ( U)0 /jl: H). or PRS 
containing ^ miximc of colUigCAA'cftlitpau: ClO ^p; 1). A4 j1b' :i1 < 1 x 10'' pf'i »rt 5*1 /it 
of wlinc) wus aJjninisrrrfxl ) ttty unci preiwsc pmircaimLiu. Anhiut'; innculaicd with 
mL-uovim* were liir'licf iri^LtcJ with GCV for 10 duy*t sUtfii"£ f» uAei viru.t inocitl;iin«i 
GCV won iiiluiirtisiyivd by i,p. nijuciHjn iwicc (t,»My, u Jo'x of 50 ih^Ak '"j^ciiurt. t)H7 
t>i U2S1 (B) s.c. ll;iiik Xtino^r.iflii m immum'n!«f;eiri*i rtiifn wLrc iiicr^nxd i^inj- 
calipers iiulM iUy 50. and the tun*tvt volume w:n c*-ilnititK*d. I^idi p«/Hf rvpivfent* ihe 
avciiij',^ v<i1lIiii«s frani seven mice. b:aa nrc thrtwn jis tlic inei»ni; fan*. $1). 
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hp J FfiVt,t nf ptiic.rtv prutT<;.»i»:»cnl on A,l USV-ik/tX'V ucrtimiM. AtUr the 
(MiiltlisluiKiU oi t'l) ■>! U?51 (.'/) xciioprJtfts, ikil-q wa<: pivi^M-'d wilh inh.iiumoi'fil 
mj^chnr.t uf 1 1)' J jjl oK-Mrr PMK 10 t*y Trypsin (■), or IflO n<$ cnHiirt-iuw/disp.isa 
il.ty *ltcr pmu-.i3,i; Ik-jtirtwiit, ell loici i\ac i;ip\'t)l;ii^ inl.jhunor.il ly Wilh 
Ail I ISV-lls (50 //I <if 1 x 10" i* ft i > .if>J n^ied wirii OCV Am 10 lUys All mia: nreivLtl 
(jCV 1« lev il..ily ,it u dtjjj M 50 i'^vV-b. 1 he ftnn*« imoiviU kinvtita i»ivr« <fcii:rui>i^il by 
ihj.tsniLijj il»:iy tli-* volume cl'tfSi uiul U2$l fLmk xounjiafix uji to ilny SO ftfn:r c-jll 
Uim'ttl-iluni l^iOM'IM,. llm JVcna^c vnlunu: from M'v»;ii iihCC. Piit;i itiu shown 

il< I Ik* iUl'.uis. htt^i Sli 



mjeUwu pni>t to the initiation of yone lhcrjpy compared with turnon* 
(muni in animus I mated with Ad-HSV-tk/CiCV nlone (hit;* 3). A 
Mim'tar decrease in the vvciglJ of these xenografts w;is observed with 

Collil^k'lUKC/di'ip^l!? plelrvalnlOut. 

Wo iin.iI/A:ii the survival (if mice r wiving trypsin prctieniment 
combined widi Ad-HSV-lk/CiCV. There were 15 animals in each 
treatment i\i eup. Animals m all treatment groups wow sacrifi-.vU when 
tlic M-ntif.r,ii"is» i^MCh ?,0 nim in (Iwli* Uvr^csi dumieicr ami wws scored 
as having dial (Tt^ As a ivsult t)T Ad4ISV-lW0CV iltcrapy, 
sui-vi\ ill wns pi-Ldunpcd coTitpajctl with a mock-lr^ied conirol gi'oup. 
Micj (cccivin? hypsin prctivnfmci\l cuinbuacd wjifi Ad f-TSV-lk/GCV 
thnapy slioA-cd mi improved survival ^ lion compnivd wilh Ad-llSV- 
lk/*ifV :i!un«. 'Ihc analysis bclwvun mice receiving Uypsin picltval- 
ltwiil wait Ad-llSV ik/CiCV :md Ad-HSV-lk/GCV aloiic was slalia- 
Ituiilly M L 'inriv!Ai\i imd liu'.LL'aU'd l]t:tl trypsin pnitrL v iitniv*nL contribukd 
lo ihi- ihciEipaiiic cJfcci of Ad-ilSV-ik/GC*V alone (r - 0.03), 



Effect of Trypsin on Rat and UuukIji Brain l i*is\ic, Tocvakuili; 
the urfccl ofptulcasc pruiiMatiiicni on Iho architect*"^ of nonn:d b;ain 
tissue, r4l brain specimens wcrt; evaluated hisiologicnlly 24 1^ ftAt-*r 
imjeutalion ^di saline or liypsin. lVelrcflUncm of Hicse normal tissues 
with proteases resulted in m> apparent morphuh^ieal chortles (Fi^. 51- 
Wc atso evaluated the ctTccl of protease on uorrn.d human br;u^ tissue- 
(kindly provided by Dr. Andy feollen, Dcpmhnciu of Pailiolo£y v 
University of California San Fruncisco > S^ti Francisco, CA), After the 
inoculation of trypsin into human hrain autopsy materia! aiul incuba' 
lion ai 37°C for A h, we wctc uuablc lo deled OJiy histological 
evidence orpioteasc-rncdiatckl tissue dainde^ in cither white or gray 
matter (d.iU not .shown). 

Efftci of Protease Pruti catjnvnt on the Metastatic Pok'nlJnl of 
HBal XciiO^ral'rs, Oar experiments indicuied di:it the administration 
of inirautmoral prolease cAltancc<I the cTfienoy of adenOviais-mt;Ui- 
ated therapy. We believe that this enhancement resulted from 
proleasc-mediaied degradation uf extracellular matrix proteins found 
in the ttmtor tissue Although the extracellular iriatrix ol" bi'ain ts 
distinctly different from that of brain tumors, we examined mice after 
treatment for evidence of inc^ased tiftnor invasiveness and enhanced 
metastatic potential in UirC£ ways: XI&.M staining of the lymph nodes; 
fluorescence microscopy of tumors io identify ( JI'IMnu bfected lurnor 
cells; and PCR analysis of monsu tissues for evidence of human 
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Days £iflor prote*iao treaiment 

Fiij. A. I'.fC^t oJ irypftin prcirc^itknrt. and Ad ft$V-ik/CC.:v ucaimoni yn jiiurvivot or 
mice bu-;ir!n£ US7 xennyafls* BAt fJc/iiuvli; nii<:ti bctiring xL-noyr,il\s (J.6-D.7 cm in 
dinrnuicr v.^*ic prefroafed with cUtet if(ir,fl»n««-i] Lij«li«n\ «fPBS or rrtS ccnMirflt^ 
bovine b>'/tsin (100 rs). Tw^my-ftwr h Mur, I X 10" plu of AJ-HSV-ik or PUS w^rc 
injccicd Imovhj ycnugralls. On ilic iwM tlfly, CiCV (i\suint:iii (5t) m^W^ twice dntly) w;is 
si.irtod and wns continued for tO i1ay>». P|tS I PB5/C ?'CV, O, trypjio I PBSftiCV; 
J't^S + AcUIISV-iUGCV; A.trypcin Ad-HSV-lk/ClCV Amm-il': wcic wi«ifit;«| */\\cn 
xcrtci^tAMvtfi: 20 niin in (liamkilcr. Turtioi-ficc !r\irvival Vi^jj. (K^iyultnl us Hit lunii kftcr 
trcritiTitnit initimicvn whuit Uw xun^iart w:u <?.0 nun F.vh r/oiip iuciwUjt 15 mice. 



IfLMHn.^i Aftu'f JK' c;:Lil*lishm.'n' of UK7 (,'J) U?St (flj \.*! 
ntn'tnin, uiwc u-rtii piaiv^Kvl w lih in!r,ioiin(>T.il lnjiwuojis. ol'toa 

,/| Dl'rtllvr PI'S 10 ^3 U-yilJll (Ml, </r UXI /(J a)llA|;cn.LS0/ 

dnp^'? (i). Oily ri:ty oiler pfoli'S'w ticiilinen', n» mice wciv 
»u>i nLrtM itilnmnuouilly u^h Ad IISV-rk (,S0 pi of I ^ 10*' pTn) 
(iiifl lKvt,,l v.nh (ji'Sr fur 10 dip Miov v^.tv* ^i-ir^ncki wiili 
ci*l«:T lut^tfitih^; it iiyMiOrti ol tO^ or t > P ( >, itJ ^ trypsin^ m 
tCO /t,R v-^lln.'Oii'c/'H pj-.i,- [C/O) Or.c iL:y ti|V/ |Wt«,"i!.c tttJt- 
iihail, flit vy,:u- ii:f>cuKirL*tI iniM:i)i»Mi:iIJy AiMJSV-IU 
( r A) jil •>!' I x to'' pftt) jmJ ir.-.i'«d u \iu ccv rnr it) *Uy i Tunwiis 
Ooiit U>*7 IL\M wni^i.xiVi wcrj TOv':u:d u.nd M-gi^licJ 50 

f\'t (.Lirh tre'i<Kl* l pl git1U|' All Livulli^nt f/.itip> wi^iJ com 
(ic»;i.'cl ftj wi\*n fnkv. /* * lift. /* ^' fl.dl <unp,»ic<l < t<;M. 
uuminM w.iti Ad fl^V HtV;LV tank' J u\i>ti>L) 
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pmm'ASi: chanced owu tiiueaiw 



nografb. Thus, there wus no sign of metastasis cither by hisloIo£ie?U 
inspection of lymph nodes, micTOseypic evaluation of major organs, 
or FC'R cvaliiHtion of multiple major organs, ThW suggests thiit there 
was not inci eased tumor invasiveness or enhanced tumor cell spread 
after protease prclrcalmwil of these CRM-derived xenografts. 



4i 





MV- 5 l-.wMiiumn oCpiJECTA' nJTud on fliimml rui kiuu tiwiw tirvMciw'c. ru( twain 
^ii-cinii-n-. va'ic ivtiaw J !i:suilnjjirjlly Utti siitimiitf 3'l U n H tin; inorolaliun pf 
ulwc (10 /<v, k iU«f uyr* in 0°° /f. right) in'ti Uk b»vil &mtj!i:t. and C, b^Ii 
IHJllthlOu'U'" ( *?0(>l i[uim»t ia( brain lipccimciri uftcf tt\C*C litMl *v»r» Of KilfiW n|1( i 
HypMii It j til /unit'/. :WC>ll' lr,H'V. w:u. ottft:' veil HI tllC «mr-il *ic^ U'illi H Slrtflll 



xcnopntlt We c\:i!uMod jibdnimnnl lymph nodes from ailha- 

nm-d mine he-.tnn>: (jl'I'-lransleeled US') I mmoyiiils in three treat- 
ment (juuip:). mouk -Healed, Ad-HSV-lk/GCrv alone; and Ad-MSV-tk/ 
LiCV combined wtlti trypsin pruuvatntcnl Five-/im histological 
dictum*, of lymph nudes from fuur mice in i:;teh j^rtittp were fixed in 
10% lonmlm ;md >LiinccI with ITA-I: ;mJ examined. We dolceted no 
evideme of rticcwl.isis by histological examination of these lymph 
iiih|l$ Ukitti not shown) 

To Sotik f»i cvuhmce ol metastatic spread of Uni)0r oiler the 
treatment ol' nikc bearing GFT-transfccied U25J *enO£ra(K we 
sought evidence offipP in major organs by fluoiescencc microscopy. 
Wo fomul no GTP expression in the major organs or these three 
treatment groups (d,iM not shown). We extracted DNAs iVotn the kitirj, 
liver, innl b*i>m ol' fnur tumor bearing rtnimals. Wc then performed 
Pt'K imulysts nf mouse genomic DNA from each of these tissue* from 
limr mice in cavh U\\ihu-"t group sivlcma evidence orCil-P DNA. As 
shown in 6. wc did net observe amplification of DNA with GPP 
primer* Horn uny organ of ;i xnotwo bearing GFP-ir.u»sfcctud xc- 



Uiscu.'vsion 

A major drawback 1o cuiront virus-incdiaEcd \zcrw Ihorapios is low 
in vivo gene iransdut:Lion efficiency. HL*causc nil c^nc Uwiapy slrtil- 
cgiw arc compromised by this problem, new slrrrtq;ics arc needed io 
improve viral vector tnfcclion cfTscicncy. We bavo evaluaiwl tl»: 
poleiuial of protease prclrcyhnoni to enhance tho efficacy or a gene 
therapy slralo^y that relics heavily on the vxLejit of virus-mediated 
gene translW. Previously, wc evaluated the effect of administering a 
low dose of iiypsin (W ov coHauCiUist/diRpasc (10 fig) 1 day 
prior to adenovirus inoculation on viros-mcdi;iied gone transfer in 
human tumor xonr>£raiU\ Bolh bypsin and coH.^enasc/dispaae en- 
hanced the trnnsduclion of recombinant adenovirus (IS). To del ermine 
whether .such an enhane^ment could conLrinute lo IhcritpouLic out- 
comi:, we evaluated Uio antitumor iieiiviiy of these pirlrcalinenls in 
combination wilh Ad-I ISV-Lk/GCV therapy. 

Previous itt vivv studies hnve. demonstrated .Ihe inhibition of GUM 
tumor growth in animal models after infection with viral vectors 
carrying the MSV-tk gene and GCV administrtilinn (22- 2A). A* shown 
in Pig,*. 2 and 3 T Ad-HSV uVGCV coupled with protease preiruatmeiu 
resulted in a si^nincimly enhanced anliLmnor activity against UK7 
and U25I GBM jtenograAs when compared with Ad-llSV-tk/GCV 
gene Ihcnpy plonc. Treatment with either 1ryi?sin (100 ;xg) or eolla- 
fieiKise/dispasc (10 /xc) was useful in enh;ineiiii> the cflVebvctie^ of 
[he viral vector-mediated Ad HSV-Lk/GCV pene Ihempy (Pips. 2-4). 

A potential explanation for the increased virus infection after pre- 
(re-uimciU of tumors with protease is Ihut mt»diftcations in the extra- 
cellular matrix oceur as a result of cjv.y me- media led protein degra- 
dation. FroLcuse that enhances Ihe thurapcuiic effect of Ad-IlSV-lk/ 
GCV by destruction of the bruin tumor extracellular matrix will only 
be advantageous if the protease does not directly dnmnge- tKljneciiL 
normal tissue. To determine whether the architecture of normal brain 
was changed by protease presentment, we applied trypsin directly to 
normnl r;it and human brain tissue and examined them micTOacopi- 
ctdly. There was no observable effect of protease administration mi 
the morphology of these tissues. This sti^eMs that proleast: might 
modify brfun tumor extraccllulnr mutrix while leaving noimal brain 
tissue intact. 



<>. tiviiliiiKum <>t pit iv I wAr»n^ Grr-lrunl^ittl 
tJi^l ki'ikijm,.)^ lit! im.'i.i^..:ic lunn.tr -\pii;ii*U AJ- 
IISV i!«.ni ^O/t) ifliiMi'tl ^ it^rluiftJiiiidittKiUUicd 
■miarumji.illy (mo n;htc mkv Ucirtiiij Ol P-Utji'.I^U-cI 
iJ^St li>"^('i \ri.t'j;i.ilfik. l-ifty J;i>> IrtK'r. iitillcclcJ 
tn,ijii) iit^irti: and se.K«j*t-i0- fn>m -tn»ii;;Jv |'.V- 

ysial I'iNA, unit ^-x'uiiiiiw*.! i.- nth us^k' t*y ITR u'.iny 
jitiniofs hp.ciUr I'tti Hit- H',»f)t>h\K't| l!f J' jvtif I't'K 

liML'lKHU W'JtC irwJlllilv-ll 1»> v-iCl l(t)j(1li»]Lai.-l 111 1 

.ir.itrnii' ),v:lv, J ti.| ihr -1M jE ft Atitf if \ h|Mnuni\k' 
j] .m:i1ii) \*i k iiiml'jt't* uvrv* v iv wet I by Uhxliuin \n\i 
nii(k- riWilhil^ flfl.(!>*.is uf limine ^'Di p'T- 

(unm'il (w\n km\ i>iill- hi ckIi iiL^iuiu'til tVf.itip Yiirh 

iMflt pnnip. rl.lvtldJ l>NA uMt(,ii»i";t tiM 1 wja tiictl in 
|pL- jKw.\liVt; I'lMllTrtl, H-llt'tO 1 . Jlw nL^.iTu^: HMtlltW <inn 
do liiiil^litU- lit EVUN'J t tint' i (.iFP-lDi-Ji 

iiL-Lud IJ2M nnve \.fi>tt)TiiU j *.vf t 2 i in it im; Iiim^,, 

• IliiilU t, f*i«i «/ tlli'HW W^HI J 1 t*J3- * C 7 IhiyVltlW 
. nlUf.il Ir.Mn IUW ictU, /.f'J.' ^ ' piiMlivc cuiiliul 
tpla-jniii DNA uilUiUUIIMi Ol'^l, /.«».'* <l/ DNA iU*iti{n 
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Extracranial nvUslaiAS* arising from primary brain tunws aro very 
iimisuul. IKnvcvcr, [here have bwn repoU* arCiliM that h.ss s^vad to 
mediasliiud lymph nude*. limj> parenchyma, li vor, and bmin (25 -2y). 
The m frequency of sueh fnidm&s k thought la rclUct the unlikely 
invasion oTCitJNf -denied cells* to lisstms outside the ncuroaxis. Lk> 
ciistse piou-iiw Lhc capanly disrupt cxlrae el hilar matrix, a 
pulenlial suUs citooi of wiwj. proteases prior In vim* inoculaliun \* Hie 
iuvnsiou of lumnr cl'Us mlo JtdjaceiU 4feas and rhe iniihitinn of 
met :isi*iht tumor spread. Wc pc (formed buth a liisioio^i;:M evnUiruion 
imd n IVk-bttsed examination of lymph nodes and r.injor orceins of 
7tciiop ( i;iiVbc«ni»p animals to assess metastatic tumor spread after 
pi<ilCfiNC preueaiinent. Wis cuutJ iMt dowel tiny evidence (if an in- 
creased poicjuuil for metastatic tumor sprtiad. "t hose re-JuHs Ku^eiu 
lliat wrr strategy of pvn Least! pjulrcalmenl could he saMy used in 
etinjmienon with enm fc .nl viius*modi;Ua] [."ene ihciapy. 

Our raiding suppoU the wc of protease pi'cLrcaimcnt. us. a straiefiy 
Tin enhnnein^. ihe clToctiwrivSH ol' gene therapy lor brain tumors 
svtlhmit iidveisely affcctinij nunnal brain i issue. Our results denum- 
ilrnte Ihe tlvr.tpeulte pnienlial of proie-.ise prcticuimcur coupled wjlh 
Ail IKSV-lk/OCV iryixc Iberapy in ;i brain tumor model. The potential 
ur ihib slrau^y lo enhance \ha lhciap^ulic outcome of viriw-mediaied 
(»ene therapy provides « foundation for luuirv ehnieal trials and may 
lend to imputed treatment «f human brain mniorv Heeause dtc 
ulTeciivciws'i o(* all penc IhcrupoiiLJc strategies rely heavily on in- 
ercased|»ciie li.uisUiiUion dTieieuey, it will be important tg deienninc 
whcihe-r tun fuidin&s can be- e-Ueudod ■ lo a variety of cwmiu virgs- 
b,iscil vL-tkurs. 1'uither situly to cbniy the mechanism by which 
pruteiNe prebvuiment enhances udenovinis-mediated tjoitii therapy 
mid its evaluation <d" its application for uther virus-medialod gene 
therapy nppn>nehi:?> la ihti ireaimenl of malignant tumors it* needed lo 
develop limber d;w new experimental stule^y 
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